with ARE and GERD have been established, the link between GERD with ARE is still unclear. Furthermore, surgical correction of GERD is not well documented as a treatment modality for ARE.
Studies evaluating the associations and mechanisms by which nonalloimmune phenomena such as GERD result in ARE are sparse and inconsistent. Experiments in rats have shown that lung allografts develop ARE after aspiration of gastric contents. 10 Additionally, human lung allografts with ARE have been shown to display higher levels of pepsin in bronchoalveolar lavage (BAL) compared with controls. 11 Hartwig et al 12 reported that gastric fundoplication (GF) <45 days after LT reduced the incidence of ARE by 66%. However, an earlier, larger retrospective analysis from the same center showed no difference in the rate of ARE between patients without or, with reflux but no surgery, or with reflux treated with fundoplication. 8 The association of GERD with ARE in LT merits further examination, because GERD is potentially treatable and ARE are strongly linked to an increased morbidity of BOS. The aim of the present study was to clarify the limited body of knowledge regarding this poorly defined association. We hypothesized that the rate of ARE among patients with GERD was higher than that among those without GERD. Furthermore, we believed that GERD in LT recipients increased the severity and rate of ARE in the early period after LT.
METHODS

Design and Subjects
This retrospective observational analysis includes lung transplantation recipients who underwent dual-channel (proximal and distal esophagus) pH probe testing for presence of GERD from January 2000 to January 2009. In addition, patients underwent esophageal manometry with impedance. The study was approved by our Investigational Review Board. We recorded the times after transplantation, fundoplication, death, or each ARE from scheduled surveillance transbronchial biopsies (TBB) at 6 months. The 6-month time course was chosen because most ARE occur during this timeframe. Subsequently, patients were divided into 2 groups: lung transplant allografts with GERD versus those without GERD. Only the episodes and the time at risk for ARE before GF (if performed) in patients with GERD were incorporated into the analysis (Fig 1) . We excluded from the study patients with GF before LT who had been shown to have GERD around the time of transplantation.
The rate, also known as the incidence density (ID), of ARE for each group was the summation of all events of ARE per cumulative time of each member in the subgroup. For ease of comparison, the ID of acute rejection was converted into units of events per 1,000 patient-days.
Definitions of GERD and ARE
Starting in 2007, patients were evaluated with pH probe manometry at 3 months after LT or with the first episode of ARE. Additionally, other patients transplanted before implementation of this new protocol were evaluated by pH probe for the presence of GERD either because of symptoms or for evaluation of BOS. A composite DeMeester score of upright and supine readings >14.7 defined the presence of GERD by the pH study. This degree of reflux corresponds to the 95th percentile of reflux in a random cohort of subjects. 13, 14 In addition, we recorded by manometry and impedence, simultaneous as well as retrograde contractions. Excluding the time before pH probe testing, all patients received a proton pump inhibitor or H 2 blocker treatment during the study period. Surgical treatment for GERD was performed by laparoscopic Nissen fundoplication.
The diagnosis of ARE required pathologic confirmation from TBB. Vasocentric lymphocytic inflammation (A) or bronchiolar lymphocytic inflammation (B) ≥1 according to the International Society of Heart and Lung Transplant (ISHLT) severity criteria indicated the presence of ARE. 15 Only scheduled surveillance TBBs were included in the analysis.
Acute Rejection Management
After January 2007, all patients received basiliximab induction therapy after lung transplantation and tacrolimus for maintenance immunosuppression as opposed to cyclosporine. As previously published, maintenance therapy involved a combination of prednisone, tacrolimus, or cyclosporine combined with mycophenolate or azathioprine. 16 Every recipient underwent surveillance bronchoscopy with TBB at 2 weeks as well as 1, 2, 3, 6, 9 and 12 months after LT. To minimize measurement bias between groups, only surveillance TBBs were recorded during 6 months of follow-up. Therefore, an LT patient without complications would be expected to have 5 surveillance TBBs. Surveillance TBB was not performed in the setting of acute illness or if there was a risk for significant complications.
When ARE ≥A2 occurred, patients were treated with 3 daily doses of methylprednisolone (10 -15 mg/kg intravenously) before return to their baseline steroid dose. Each documented ARE was followed by another TBB at 4 -6 weeks after therapy.
Statistical Analysis
We calculated the 95% confidence interval of ARE IDs, including ARE with certain severity or within a time window, among the GERD or non-GERD cohort by using exact Poisson confidence intervals. To compare the IDs between cohorts, we used exact conditional test for the ratio of the 2 Poisson rates. Because of the nonrandom distribution of patients and imbalances in cohort characteristics, we identified 5 covariates a priori that were most likely to affect the outcomes. Using univariate negative binomial regression analysis, crude ARE rates were adjusted for: GERD versus non-GERD cohort; number of HLA mismatches, highest primary graft dysfunction (PGD) severity at 48 or 72 hours, type of native lung disease, cytomegalovirus (CMV) status of the recipient, and use of basiliximab and tacrolimus. Multivariate analysis was performed on the covariates identified on univariate analysis to have significant effects, by using negative binomial regression analysis. The probability distributions of time to the first ARE after lung transplantation were estimated by using Kaplan-Meier estimators for comparisons with log-rank tests. All tests were 2 sided. A P value of ≤.05 was considered to be significant. All analyses were performed using SAS software, version 9.2 (SAS Institute, Cary, NC).
RESULTS
The 60 lung allograft recipients who underwent pH probe testing were divided into 2 groups: GERD (n = 33) versus non-GERD (n = 27) subjects (Fig 1) . Forty-three subjects underwent pH probe testing after the 2007 implementation of our institution's new GERD screening protocol: 21 with GERD versus 22 without GERD. Among the patients with GERD, 12 TBBs and 790 patient-days occurred after GF in 7 patients who were excluded from the analysis. After omitting biopsies and time after GF, patients with GERD showed a similar frequency of completed surveillance TBBs (82.3% vs 83.7%) but slightly shorter median follow-up (160.5 vs 182 days). No significant differences were present between the groups in age, gender, race, native lung disease, recipient CMV status, severity of PGD, use of basiliximab and tacrolimus, or HLA mismatch (Table 1) .
Among the 60 subjects, 51 ARE occurred in 36 LT recipients during 9,249 patient-days: 5.51 ARE per 1,000 patient-days. The allocation of ARE and times at risk to develop ARE are presented in Table 2 . GERD was associated with a higher unadjusted rate of ARE compared with patients without GERD (ID ratio [IDR], 3.29; P = .00016). Furthermore, patients with GERD more frequently developed ≥2 ARE than patients without GERD: 36.4% vs 0% (P < .0001). Although patients with GERD developed more severe ARE, it was proportionate to the increased rate of ARE for all severities (Table 3) . In time-to-event analysis, GERD was associated with earlier onset of ARE after LT (Fig 2) . The proportion of patients with GERD developing ARE at 6 months was 80% versus 44% in patients without GERD (P = .004). The 2 patients with GERD who did not develop ARE before undergoing surgical treatment were censored at the time of GF.
It is important to mention that 31.7% of lung transplant patients showed abnormal liquid bolus peristalsis and 52.5% abnormal viscous bolus peristalsis. There was a 17.7% incidence of retrograde peristalsis on the impedance study. The covariates use of basiliximab and tacrolimus, severity of PGD, recipient CMV status, HLA mismatches, and native lung disease were evaluated by univariate analysis (Table 4) . Only GERD, use of basiliximab and tacrolimus, and negative recipient CMV status showed significant effects on the ID of ARE namely IDR 2.51 (P = .001), IDR 0.51 (P = .007), and IDR 1.86 (P = .016) respectively. After including these covariates with GERD in a multivariate model, only GERD maintained an association with ARE (IDR 2.15; P = .009; Table 2 ).
DISCUSSION
The principle finding of this investigation was that patients with GERD showed a 3.29-fold increase in the rate of ARE compared with patients without GERD (P = .00016). After adjustment for confounding variables, GERD remained associated with ARE by 2.15 (P = . 009). Additionally, 36.4% of patients with GERD developed ≥1 ARE compared with no patients without GERD (P < .0001). Finally, GERD was associated with earlier onset of ARE: by 6 months, 80% of patients with GERD developed, ARE compared with 44% of patients without GERD (P = .004).
This study supported the hypothesis that GERD may be linked to acute injury in lung allografts accentuating the rate, frequency, and onset of ARE. This observation is relevant to transplant clinicians because multiple ARE of all severities shows strong associations with the development of BOS. 3, [17] [18] [19] The present study supports previous investigations using molecular analysis and rat models to link ARE in lung transplant allografts to reflux. 10, 11 In contrast, Cantu et al 8 failed to observe an association between GERD and the time of fundoplication with the development of ARE; In that retrospective investigation, patients with early fundoplication, namely, <90 days after LT, showed a higher rate of ARE compared with patients without GERD or those with GERD treated by late fundoplication. Evaluating our data, ~54% of patients with GERD developed ARE within the initial 45 days, whereas only 26% of patients without GERD were affected. This assumption is supported by the findings published by Hartwig et al. 12 Although their methodology is unpublished, their lung transplantation patient who underwent GF within 45 days show a higher freedom from ARE. Perhaps the lack of association between GERD and ARE in the Cantu et al 8 investigation may reflect a false negative conclusion, because 90 days is beyond the time frame of the majority of ARE.
The retrospective nature of the present study warrants recognition of some limitations. First, we acknowledge that selection bias might affect the validity of our results. Not all patients underwent pH probe testing before 2007. Perhaps during that time, patients who were more symptomatic tended more to undergo pH probe testing. Yet, it is well established that patients with end-stage lung disease often have frequent and asymptomatic reflux. 20 -22 Despite this potential bias, the IDRs of ARE did not differ before and after implementation of the new protocol. Additionally, some patients never underwent pH probe testing after implementation of an aggressive protocol to evaluate GERD in all lung transplant subjects, because of severe illness or death. However it seems unlikely that selection of healthier patients for pH probe testing would results in a type I error.
Second, we attempted to avoid measurement bias by using only surveillance TBBs and 6 months of follow-up among both groups. The proportion of TBBs was similar in both groups, but the follow-up was slightly shorter in patients with GERD, The unequal followup time was unavoidable, because the time after GF for 7/33 patients with GERD was excluded from the analysis, which tended to make the IDR slightly higher in favor of GERD. However, the difference in patient-days between the 2 groups was minimal and unlikely to affect the linkage between the rate of ARE and GERD. Additionally, the disparity would not affect the association with multiple episodes and an earlier onset of ARE.
Finally, in this comparison of unmatched groups, the measured effect might be influenced by associated cofounders. We attempted to adjust for the most important covariates that were determined a priori by statistical modeling. However, patients without GERD tended to get more basiliximab and tacrolimus treatment, which have been advocated to decrease the rate of ARE mediated by alloimmune mechanisms. 23, 24 Despite differences in the unmatched cohorts, these covariates did not significantly influence the association of GERD with ARE upon multivariate analysis.
Our analysis supported the hypothesis that the development of ARE was augmented by nonimmune mechanisms, such as GERD. Surgical correction for GERD is commonly performed to mitigate the late complications of lung transplantation, BOS. Yet our findings suggested that lung injury from GERD starts within weeks after LT. Although aggressive scrutiny for the presence of GERD in this population is justified to identify patients at high risk for ARE and BOS, the timing and benefit of GF for ARE remain uncertain. A prospective evaluation comparing the timing of GF in relation to LT is necessary to determine whether surgical treatment can diminish the rate of ARE. Selection criteria. *Episodes of AR and patient-days after gastric fundoplication in this group were excluded. Time to first acute rejection episodes (ARE). P = .004 calculated by log-rank test; GERD = gastroesophageal reflux disease; O = censored if fundoplication before to ARE. Abbreviations: ARE, acute rejection episodes; TBB, transbronchial biopsy; others as in Table 1 .
* GERD, recipient CMV status, and use of basiliximab and tacrolimus were identified to have significant effects by univariate analysis and were used for multivariate analysis by negative binomial method.
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